A Gram-stain-negative, vibrio-shaped, spheroplast-forming, motile, aerobic bacterium was isolated from the soil of a salt desert in Kutch, Gujarat, India. The strain, designated JC232
T
, with minor amounts of C 12 : 0 , C 14 : 0 3-OH/iso-C 16 : 0 I, C 18 : 1 2-OH, C 18 : 0 , C 16 : 0 3-OH and C 19 : 0 cyclov8c. Although strain JC232
T shared the predominant ubiquinone system (Q10) with the type strains of C. salinarum and C. bisanense, it differed from the latter in polar lipid profile, NaCl growth range and other phenotypic/physiological properties. On the basis of morphological, physiological, genotypic, phylogenetic and chemotaxonomic analyses, strain JC232 T is considered to represent a novel species of the genus Caenispirillum, for which the name Caenispirillum deserti sp. nov. is proposed. The type strain is JC232 T (5KCTC 42064 T 5NBRC 110150 T ).
The Rann of Kutch is a shallow wetland located in the Kutch region of Gujarat, India, which becomes submerged during the wet season but dries out during other seasons. The Rann is unique for its marshy salt flats/pans which become snow white after the shallow water dries up each season before the monsoon rains. During our studies on bacterial diversity of hypersaline habitats of India, strain JC232 T was isolated from the soil of this salt desert and was characterized by using a polyphasic taxonomic approach. Comparative 16S rRNA gene sequence analysis indicated that strain JC232
T was closely related to members of the genus Caenispirillum, within the class Alphaproteobacteria. Members of the genus Caenispirillum are Gramstain-negative, helical shaped, non-endospore-forming bacteria. The DNA G+C content is around 70¡2 mol%. These bacteria have Q10 as the major quinone and C 16 : 0 and C 18 : 1 v7c/C 18 : 1 v6c as the major fatty acids. Phosphatidylcholine, phosphatidylglycerol, diphosphatidylglycerol and phosphatidylethanolamine are the major polar lipids (Yoon et al., 2007a) . The type strains of species of the genus have been isolated from sludge and sediment samples of freshwater and marine habitats. At the time of writing, the genus Caenispirillum comprised two recognized species, Caenispirillum bisanense (Yoon et al., 2007a) and Caenispirillum salinarum (Ritika et al., 2012 (Biebl & Pfennig, 1981) ]. Several different colony morphologies were observed on the plates, which were incubated at 30 8C for 2 weeks; an orange-pink colony was purified by repeated streaking and the purified isolate was designated JC232
T . Pure cultures were lyophilized and preserved at 4 8C for further use. On the above described mineral salts medium, colonies of strain JC232
T were round, 2-4 mm in diameter, convex, smooth, shiny and orange-pink. Other morphological properties (cell shape, cell size, motility) of strain JC232
T were observed directly and also after Gram staining using an Olympus BH-2 phase-contrast microscope. Cell shape was further confirmed through scanning electron microscopy (JOEL-JSM 5600). Cells were vibrio shaped (0.6-1.0 mm wide, 2.0-4.0 mm long; Figs S1 and S2, available in the online Supplementary Material), Gram-stainnegative, non-endospore-forming, motile and divided by binary fission and formed spheroplasts. Spheroplasts are spherical bodies formed by some bacteria during the late-exponential phase after partial loss of the bacterial cell wall (Tulasne et al., 1960) ; members of the genus Caenispirillum have not previously been reported as forming spheroplasts.
Further characterization of strain JC232
T was done together with C. salinarum JCM 17360 T (5AK4 T ) and C. bisanense KCTC 12839 T (5K92 T ). Genomic DNA was extracted and purified according to the method of Marmur (1961) and the G+C content of the DNA was determined by HPLC (Mesbah et al., 1989) . The G+C contents of strain JC232 T , C. salinarum JCM 17360 T and C. bisanense KCTC 12839 T were 70, 71 and 72 mol%, respectively. The data obtained for the reference type strains are in agreement with those reported in the literature (Yoon et al., 2007a; Ritika et al., 2012) . DNA was extracted and purified by using a Qiagen genomic DNA extraction kit. Recombinant Taq polymerase (Genei) was used for PCR and 16S rRNA gene sequencing was carried out as previously described (Lakshmi et al., 2011) . A BLAST search analysis of the 16S rRNA gene sequence of strain JC232 T (1402 nt) using the EzTaxon-e server (Kim et al., 2012) revealed highest sequence similarity with C. salinarum AK4 T (98.9 %) and C. bisanense K92 T (96.8 %). The 16S rRNA gene sequences were aligned using the SILVA incremental aligner (SINA; http://www. arb-silva.de) and MEGA 5.2 (Tamura et al., 2011) software was used for phylogenetic analyses. Distances were calculated by using the Kimura two-parameter method (Kimura, 1980) in a pairwise deletion procedure. Neighbour-joining (NJ), minimum-evolution (ME) and maximum-likelihood (ML) methods in the MEGA 5.2 software were used to reconstruct phylogenetic trees and a combined phylogenetic tree (NJ, ME, ML) confirmed the clustering of strain JC232 T with members of the genus Caenispirillum (Fig. 1 ).
The taxonomic relationship between strain JC232
T and its closest relatives was examined using DNA-DNA hybridization, which was performed using a membrane filter technique (Tourova & Antonov, 1987) , with a nick translation kit supplied by B. Jonaki (Centre for Cellular and Molecular Biology, Hyderabad). When strain JC232
T was radioactively labelled, mean levels of DNA-DNA reassociation with C. salinarum JCM 17360 T and C. bisanense KCTC 12839
T were 40¡3 and 23¡5 %, respectively. However, when C. salinarum JCM 17360 T and C. bisanense KCTC 12839
T were labelled and used for DNA-DNA hybridization with strain JC232
T in the reciprocal reaction, the reassociation values were 38¡4 and 20¡3 %, respectively. Based on the hybridization results, strain JC232
T thus represents a novel species based on the recommendations for delineating a bacterial species (Wayne et al., 1987) .
The physiological properties of strain JC232
T were determined in the mineral medium described above, unless otherwise mentioned, and growth was measured turbidometrically (OD at 540 nm). Growth at different pH (range 5-12; with intervals of 0.5; buffered with CH 3-COONa-CH 3 COOH buffer for pH 5, K 2 HPO 4 -KH 2 PO 4 buffer for pH 5.5-8, NaHCO 3 -NaOH buffer for pH 8.5-11 and Na 2 CO 3 -NaOH buffer for pH 11.5-12), temperatures (4, 10, 15, 20, 25, 30, 35, 37 and 40 8C) and salt concentrations [0-14 %, w/v (0-2.4 M), with intervals of 1 % (0.17 M)] was tested. Strain JC232
T was able to grow without NaCl supplementation in the medium, and also with up to 12 % (w/v) NaCl (optimum 2 %). Temperature and pH optima for growth were 30-35 8C (range 25-40 8C) and pH 8 (range pH 7-10). Hydrolysis of starch, casein, Tween 80, gelatin, urea and DNA, and oxidase, catalase, nitrate reduction, indole production, methyl red, Voges-Proskauer, citrate utilization and other biochemical/carbohydrate tests were carried out in the prescribed media as mentioned by Cappuccino & Sherman (1998) and Smibert & Krieg (1981 .
Strain JC232
T was positive for catalase and oxidase. Starch, gelatin, Tween 80, casein, urea and DNA were not hydrolysed by strain JC232
T . Indole was not produced from Ltryptophan. Nitrate was not reduced. Other characteristics of strain JC232
T are presented in the species description and Table 1 . Utilization of organic carbon compounds as carbon sources/electron donors for organo-heterotrophic growth was tested in the above medium, containing specific organic compounds (0.35 %, w/v or v/v) replacing sodium pyruvate. The substrates that were utilized/not utilized are presented in the species description and Table 1 . Antibiotic resistance of strain JC232
T was determined using the disc diffusion method with commercial antibiotic-impregnated discs (BBL Becton Dickinson). The results were interpreted according to the guidelines set down by the Clinical Laboratory Standards Institute (CLSI, 2003) (formerly NCCLS). Strain JC232
T was susceptible to gentamicin (120 mg), kanamycin (30 mg), vancomycin (30 mg), streptomycin (30 mg), tetracycline (30 mg), ampicillin (30 mg), chloramphenicol (30 mg) and penicillin-G (30 mg). Strain JC232
T did not exhibit plant-growth-promoting traits such as diazotrophy (assayed according to Sasikala et al., 1990) , phosphate solubilization (protocol of Gupta et al., 1994) , indole-3-acetic acid production (protocol of Loper & Schroth, 1986) or antimicrobial activity as described by Kimura et al. (1998) . Cellular fatty acids, polar lipids and quinone composition were analysed by using lyophilized biomass of strain JC232 T , C. salinarum JCM 17360 T and C. bisanense KCTC 12839 T grown in the above described medium at 35 8C, under aerobic conditions, until 70 % of maximal optical density was reached (which was attained in 2 days). Polar lipids were extracted from 0.1 g of freezedried cells with methanol/chloroform/saline (2 : 1 : 0.8, by vol.) and the lipids were separated using silica gel TLC (Kieselgel 60 F254; Merck) by two-dimensional chromatography using chloroform/methanol/water (30 : 10 : 1 by vol.) in the first dimension and chloroform/methanol/ acetic acid/water (35 : 7 : 6 : 1.5 by vol.) in the second dimension (modified after Oren et al., 1996) . Total polar lipid profiles were detected as described by Kates (1972) and Oren et al. (1996) . Strain JC232 T contained phosphatidylglycerol (PG), phosphatidylethanolamine (PE), phosphatidylcholine (PC), diphosphatidylglycerol (DPG), two unidentified amino lipids (AL1 and AL2) and four unidentified lipids (UL1-4) that based on their staining behaviour did not contain either a sugar moiety or a phosphate or an amino group (Fig. S3) . Strain JC232
T shared the presence of major polar lipids (PG, PE, PC, DPG and AL1 and AL2) with C. salinarum JCM 17360 T and C. bisanense KCTC 12839
T , but differed by having an unidentified lipid UL1. C. salinarum JCM 17360 T and C. bisanense KCTC 12839
T additionally contained an unidentified amino lipid (AL3) and an unidentified lipid (UL5), respectively.
Fatty acid methyl esters were prepared, separated and identified according to the instructions for the Microbial Identification System (Microbial ID; MIDI version 3V 6.0-2007; RTSBA6 database; Agilent: 6850 series II gas chromatograph) (Sasser, 1990) , which was outsourced through Royal Research Laboratories, Secunderabad, India. Major fatty acids (.15 %) of strain JC232
T were C 18 : 1 v7c/C 18 : 1 v6c, C 16 : 0 and C 16 : 1 v7c/C 16 : 1 v6c; minor amounts of C 12 : 0 , C 14 : 0 3-OH/iso-C 16 : 0 I, C 18 : 1 2-OH, C 18 : 0 , C 16 : 0 3-OH and C 19 : 0 cyclov8c (Table S1) were also found. While strain JC232
T differed from C. salinarum JCM 17360 T in the absence of C 16 : 0 2-OH, C 18 : 0 and C 17 : 1 v8c, it differed from both C. salinarum JCM 17360 T and C. bisanense KCTC 12839 T in the presence of C 16 : 0 3-OH and C 19 : 0 cyclov8c. Respiratory quinones in strain JC232
T and closely related type strains were analysed as described by Xie & Yokota (2003) . Strain JC232 T and the type strains of C. salinarum and C. bisanense had Q10 as the major quinone. This matched the quinone system found in the genera Novispirillum (Yoon et al., 2007b) and Rhodospirillum (Imhoff, 2005) , but differed from those present in the phylogenetically related genera Aquaspirillum and Pararhodospirillum, with Q8 (Yoon et al., 2007b; Lakshmi et al., 2014) , and Insolitispirillum, with Q9 (Yoon et al., 2007b) .
It was thus clear that the phylogenetic relationships based on 16S rRNA gene sequences and genomic relatedness information (DNA-DNA hybridization) of these bacteria are in positive correlation with differences in phenotypic (colony colour, spheroplast formation) and physiological/ biochemical (salt tolerance, growth temperature range, T as representing a novel species of the genus Caenispirillum, for which the name Caenispirillum deserti sp. nov. is proposed.
Description of Caenispirillum deserti sp. nov.
Colonies on mineral salts medium are round, 2-4 mm in diameter, convex, smooth, shiny and orange-pink. Cells are Gram-stain-negative, vibrio-shaped (0.6-1.0 mm wide, 2.0-4.0 mm long), non-endospore-forming and motile, divide by binary fission and form spheroplasts. Obligate aerobe. Growth occurs at 25-40 uC, with optimum growth at 30-35 uC. pH range for growth is 7-10, with optimum growth at pH 8.0. NaCl is not obligatory for growth; tolerates up to 12 % (w/v) NaCl with optimum growth at 2 % (w/v) NaCl. Catalase-and oxidase-positive. Negative for indole production from tryptophan, methyl red, VogesProskauer, H 2 S production, nitrate reduction, citrate utilization, and hydrolysis of starch, gelatin, Tween 80, casein, urea and DNA. L-Phenylalanine deaminase, L-tryptophan deaminase, lysine decarboxylase, ornithine decarboxylase and phosphatase activities are negative. Negative for acid production from melibiose, sucrose and D The type strain is JC232 T (5KCTC 42064 T 5NBRC 110150 T ), isolated from soil of the salt desert of Khavda, Rann of Kutch, Gujarat, India. The DNA G+C content of the type strain is 70 mol%.
